The taxonomic and phylogenetic relationships within the genus Artemisia s.l. (Asteraceae) are controversial, and it has been considered 1 to 8 different genera. This work re-investigated the phylogenetic relationships in Artemisia using nuclear ribosomal (ITS ) and chloroplast psbA-trnH DNA sequences using three sections of Artemisia, Dracunculus, and Serphidium. Three phylogenetic trees were conducted separately on the basis of ITS, psbA-trnH and combined sequences using maximum parsimony. The results showed that the three sections were clearly separated from each other, and that the heterogamous Dracunculus and Artemisia are closely related to each other than either to homogamous Serphidium. This may suggest the taxonomic importance of capitulum morphology in Artemisia s.l. Our data also cast doubt on the use of cytogenetic similarity e.g., basic chromosome number in grouping Serphidium and Artemisia s.s. Furthermore, AMOVA analysis showed a higher level of ITS (55.29%) and combined ITS+cppsbA-trnH (55.63%) variations among sections. This provides further evidence for separation of these three sections and supports the phylogenetic results. The higher ITS nucleotide differences detected in Artemisia (30.4737) compared to very low value in Dracunculus (2.3333) and Serphidium (1.23077) may propose that the Artemisia comprises of several incipient sections. This supports the previous suggestion that Artemisia is a complex group.
Introduction
The genus Artemisia L. (Asteraceae) comprises of approximately 400 to 500 species (McArthur & Pope 1979; Ling 1991 Ling , 1995a Bremer & Humphries 1993) . The genus has been classified in 5 main groups, which differently considered as sections or subgenera (Torrell et al. 1999) . The species of Artemisia are widely distributed in the Northern hemisphere and almost absent from the Southern hemisphere and are almost perennial species, with a few (< 10) annual species. The basic chromosome number in the genus is mostly 9 and the ploidy levels range from diploid to dodecaploid. In addition, basic chromosome number of 8 is less frequent in species having ploidy levels from diploid to hexaploid (Kawatani & Ohno 1964; Valles & Siljak-Yakovlev 1997; Valles & McArthur 2001) . Artemisia includes many species of commercial uses e.g., A. absinthium L. (absinth), A. genipi G. Weber in Stechm. using for liquors, A. dracunculus L. (tarragon) as culinary herbs, A. santonica L. as antihelminthic, A. annua L. as antimalarial, A. arborescens L. as ornamentals, and A. vulgaris L. using for the landscape renovation. However, some species e.g., A. verlotiorum Lamotte, are invasive weeds causing damage to agriculture.
The taxonomy of the genus Artemisia s.l. is based on floral and capitular morphology (Watson et al. 2002) . In Serphidium (Besser) the ray florets are reduced to a membranous vestige, consequently the capitulum lacks ray florets, and composes only of hermaphrodite disc florets. This capitulum is called homogamous. The capitulum in subgenera e.g., Dracunculus Besser, Abrotanum Besser, Artemisia and Absinthium Mill. has two sorts of florets: ray pistillate florets and hermaphrodite or staminate discs florets. This capitulum is called heterogamous (Bremer & Humphries 1993) . The taxonomic relationships within the genus Artemisia s.l. is controversial, and over the past 50 years different taxonomic treats have been conducted ranging from a single large genus with over 500 species (Cronquist 1955; Kornkven et al. 1998; Kornkven et al. 1999; Torrell et al. 1999; Martin et al. 2001) to the recognition of six to eight genera (Bremer & Humphries 1993; Poljakov 1961; Ling 1994 ). In the past, the genus Artemisia had been divided into three genera of Artemisia, Absinthium, and Abrotanum, but later all these three genera were considered as a single genus by Linnaeus. Moreover, De Candolle (Valles & McArthur 2001) recognized four sections within the genus primarily based on the presence or absence of ray florets and the fertility and sterility of disc florets: (1) Abrotanum Besser having ray fertile pistillate florets; disc perfect fertile florets situating on glabrous receptacle, (2) Absinthium (Mill.) DC with ray pistillate fertile florets and disc perfect fertile florets on the hairy receptacle, (3) Serphidium (Besser) Besser lacking ray florets, but having disc perfect fertile florets sitting on glabrous receptacle, and (4) Dracunculus Besser having ray pistillate fertile florets with disc functionally staminate florets situating on the glabrous receptacle. The phylogenetic relationship among the subgenera has been also controversial. The first phylogenetic investigation based on the evolutionary concept of loss of fertility in the disc florets and loss of ray florets confirmed these four sections and proposed section Artemisia as the progenitor to the others (Hall & Clements1923) .
However, section Artemisia and Absinthium were later united and all sections were raised to the level of subgenus (Rydberg 1916) . Moreover, the subgenus Serphidium has been taxonomically treated differently. Many taxonomist separated Serphidium as a distinct genus from Artemisia (e.g., Kornkven et al. 1998 Kornkven et al. , 1999 Torrell et al. 1999 ), while Torrell et al. (2001) latter disagreed with this separation, and included Serphidium within Artemisia. The current work is aimed to re-investigate the phylogenetic relationships in Artemisia using nuclear ribosomal DNA (ITS) and chloroplast psbA-trnH sequences.
Material and methods
Species study 15 species were included in the study from the three sections of Artemisia, Dracunculus, and Serphidium, by enclosing a minimum of 2-3 genotypes of each species making overall 39 taxa (Table 1 ). The haplotype of each species was used in the analysis in order to avoid any individual variations. The haplotypes recognition and analysis were carried out using DNASp Ver. 5. Anthemis arvensis was included in the study as an out-group using its ITS and psbA-trnH sequence data presented in NCBI (Table 2) .
DNA extraction and PCR profile
After disinfecting the seeds by sodium hypochloride (20%) for 10 min, total genomic DNA was extracted from the seeds following Ziegenhagen et al. (2003) . PCR reaction was made using 27 µL of master mix (Fermantas kit), 1 µL of 50-100 ng of DNA, 1 µL of a mixed-primers (10 pmol), and 21 µL deionized water, making overall PCR reaction 50 µl in a Quanta Biotech thermo-cycle (Quanta Co., England). The PCR profile conducted for amplification of nuclear ITS region was as follow: pre-denaturation at 94 • C for 10 min. The electrophoresis of PCR products were carried out at 85 voltages for 30 min in 1% Agarose gels, and consequently visualized under UV light. The size of the amplified region was determined on the gel using 100 bp DNA standard size markers (Fermentas Company). After purification, the amplified PCR products were sequenced (Macrogen Company) using only PCR products. The primer sequences used for amplifying ITS and psbA-trnH regions (White et al. 1990; Kress et al. 2005) were 
Statistical Analysis
The sequence alignment was performed using MAFFT online multiple alignment tools. To infer the phylogenetic relationships among species studied, Modeltest 3.7 and PAUP 4.0b10 (Posada & Crandall 2005; Felsenstein 1985; Swofford 2002) were used for cluster analysis of sequences.
Analysis of molecular variance (AMOVA) was used to estimate within-and among-sections differentiation using Arlequin 3.11 (Excoffier et al. 1992 (Excoffier et al. , 2005 , and the significance level for Fst was determined using 1023 permutation tests. Average number of nucleotide differences, nucleotide diversity and number of polymorphic sites in the examined taxa were calculated using DNASp Ver5 (Librado & Rozas 2009 ). The nucleotide compositions in all species were calculated using a MEGA5 package (Tamura et al. 2011) .
Results
The length of ITS sequence (including ITS1, 5.8S and ITS2 regions) in the species studied ranged from 672 base pairs in Artemisia vulgaris to 707 in A. biennis, while this range for cpDNA Psba-Trnh sequence was 420-465 bp in A. kopetdaghensis and A. scoparia, respectively. The best suitable evolutionary model for ITS sequences was found to be SYM+G, while it was TVM+I model for psbA-trnH sequences, and TIM+I+G model for combined ITS+psbA-trnH sequence data. The three phylogenetic analyses conducted separately for ITS, psbA-trnH and combined sequences using maximum parsimony showed that the all three sections of Serphidium, Artemisia and Dracunculus were clearly separated from each other (Figs 1-3) . However, all three dendrograms showed that the sections Artemisia and Dracunculus are more closely related to each other than either to section Serphidium.
In the tree based on rDNA ITS sequence, the species belonging to both Serphidium and Artemisia were not separated from each other (Fig. 1) , while in psbA-trnH and combined ITS+psbA-trnH trees, only species of Artemisia spicigera from section Serphidium and Artemisia vulgaris from section Artemisia were isolated from the rest species (Figs 2, 3) .
The AMOVA test showed that 55.29% ITS variation belongs to among the sections, while this variation was 41.52% on the basis of psbA-trnH and 55.63% based on combined ITS+psbA-trnH (Table 3 ). The average numbers of nucleotide difference, nucleotide diversity and number of polymorphism sites of ITS and psbA-trnH regions are shown in (Table 4 ). The section Artemisia showed higher levels of these indices for all three genomic regions studied while the section Serphidium indicated the lowest amount, and the section Dracunculus had intermediate level of the indices.
Discussion
The all three trees based on ITS, psbA-trnH and com- bined data showed that the heterogamous Dracunculus and Artemisia s.s. are closely related to each other than either to homogamous Serphidium. This may suggest that the capitulum morphology and lack of ray florets have the taxonomic importance in the classification of Artemisia s.l. The results of the current study also indicate that the use of cytogenetic similarity such as basic chromosome number in grouping Serphidium and Artemisia (Torrell et al. 2003) is not a reliable character.
Our results are also consistent with Bremer & Humphries (1993) who treated the section Serphidium as separate genus from Artemisia s.l., and disagree with other taxonomists such as Kornkven et al. (1998 Kornkven et al. ( , 1999 , Torrell et al. (1999) , who classified Serphidium within Artemisia.
The very low genetic distances among species of the section Artemisia s.s. show that they were very recently isolated from the common ancestor. This is also the case in species of the section Serphidium. This may suggest that speciation in these two groups is a recent event.
Higher level of ITS (55.29%) and combined ITS+cppsbA-trnH (55.63%) variations detected among sections by AMOVA analysis provides further evidence for separation of these sections. However, lower level of cppsbA-trnH variation (41.52%) provides weak support for this separation, indicating lower evolutionary rate of this genome in Artemisia. The higher average number of nucleotide differences in ITS region revealed in Artemisia (30.4737) compared to very lower amount in Dracunculus (2.3333) and Serphidium (1.23077) may suggest that the subgenus Artemisia comprises of several incipient sections, and supports the idea that Artemisia is a complex group (Persson 1974; VallesXirau & Seoane-Camba 1987) .
This study showed the capability of ITS and cppsbA-trnH sequence data in systematic revision of problematic taxa at intra-genus level in plants.
